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Abstract 
Using a (DOCA)-salt arterial hypertension rat model we aimed to test on isolated, ischemised and reperfused rat heart, 
physiological parameters as well as biochemical markers, both in myocardium and in plasma, in order to characterize 
modifications induced by DOCA-salt  treatment. In our study we used 20 rats of 10 months old divided into two groups of 10 rats 
each: control and treated. The treated group has received for 4 weeks 2 subcutaneous injections/week with DOCA (20 mg/b.w. in 
solution of 0.9% NaCl+0.2% KCl) according to the protocol, and 10-14 days since the last dose of treatment, the animals have 
been sacrificed. Coronary flow (CF), heart rate (HR) and left ventricle developed pressure (LVDP) have been measured on 
isolated  and perfused Langendorff heart system at a constant pressure and total lipids, cholesterol, HDL and LDL, lipid 
peroxides as well as GGT, LDH, CK have been assessed using standard biochemical methods and Randox and Sigma kits. As 
results, there was an increase in C.F, H.R. and LVPD in DOCA-salt treated hearts, accounting for an intense mechanic cardiac 
activity generated by the hypertension following DOCA-salt treatment, accompanied by an increase in lipid peroxide, in CK and 
LDH as markers of myocardial lesion and a reduction of GGT activity in myocardial tissue probably due to hypoxia generated by 
the cardiac insufficiency following the increase in arterial blood pressure and a decrease in antioxidant potential. DOCA-salt 
hypertension is associated with rapid development of high blood pressure, vascular growth, vascular stiffening, and cardiac 
hypertrophy with increasing in mechanical activity of the heart, and a decrease in GGT activity and in antioxidant potential.  
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In the last 40 years hypertensive DOCA-NaCl rat became a model of hypertension dependent on salt regimen 
which has similarities from biochemical point of view with human essential arterial hypertension even, as other 
models it does not represent a perfect paradigm of this. It does not represent a perfect paradigm of this condition. 
There are proofs which suggest the role of salt retention or salt sensitivity in essential arterial hypertension (EAHT) 
etiology (Iyerl, 2010). It has been observed an increase in plasma level of vasopressin and noradrenalin in (DOCA)-
salt hypertension rat; the increase in blood pressure is directly correlated with the level of these drugs  and inversely 
correlated with plasma volume suggesting that DOCA hypertension is mediated at least partly by neurogenic 
mechanisms (de Camplain, 1969). 
Using a(DOCA)-salt arterial hypertension rat model we aimed to  test on isolated, ischemised and reperfused rat 
heart, physiological parameters as well as biochemical markers, both in myocardium and in plasma, in order to 
characterize modifications induced  by DOCA-salt  treatment. 
2. Research Methods 
(DOCA)-salt Arterial Hypertension experimental  model – Animals: for our (DOCA)-salt Arterial hypertension  
experimental model we have  used a number of 20 white male Wistar rats aged 10 months old and weighting  280+/-
20g,divided into two groups of 10 rats each: Control and  Treated. The treated group of rats has been   fed on 
standard chow and 0.9% NaCl+0.2% KCl solution instead of drinking water. The animals have been treated for 4 
weeks with 2 subcutaneous injections/week with DOCA (20 mg/b.w. in solution of 0.9% NaCl+0.2% KCl) 
according to the published method (Knowlton, 1952). 
During treatment, has been determined the quantity of liquid ingested and that of urine excreted. It has been 
observed that since the first week of treatment ingestion of liquid was with almost 50% higher than in controls. In 
the second and third week of treatment the ingestion of liquid is stabilized but remains at high levels. 
After 4 weeks, drinking solution has been replaced by plane drinking water and after an interval of 10-14 days 
since the last dose of treatment, the animals have been sacrificed. 
Determination of physiological parameters of heart – has been done on a system of isolated heart and perfused 
with Langendorff buffer at a constant pressure (Revnic, 2010). Animals have been anesthetised with a Na 
penthobarbital, to which has been added 5,000 UI heparin to avoid the blood clot in coronary system. Thoracic cage 
has been opened and the heart has been quickly removed and introduced in Hanks bubbled physiological salt 
solution on ice bath for instant stopping of heart beats. Through aorta has been introduced a cannula for fixing the 
heart in Langendorff system to allow circulation of physiological fluid through coronary system, without entering 
the heart cavities. In such a way is realized a retrograde perfusion and the circulating liquid could be collected, in 
order to estimate the coronary flux (CF), which is one of the physiological parameters to be determined. 
In left ventricle is introduced a latex balloon which is connected to a pressure transducer and a cardiac monitor. 
By means of this system it can be controlled the function of left ventricle, determining on monitor cardiac frequency 
(HR) and pressure developed by the left ventricle (LVDP). 
 Biochemical assays – Determinations of some biochemical parameters have been performed on  plasma  as well 
as on left ventricle tissue homogenate. Blood has been harvested on heparin, left at room temperature and 
centrifuged at 3000 rpm for 15 minutes. Has been determined plasma level of the following biochemical markers: 
total lipids, total cholesterol, HDL and LDL, lipids fractions, lipid peroxides. 
Left ventricle has been homogenized at cold temperature 0.15M NaCl solution (ratio 1:10 weight/volume). 
Suspension has been left for one hour to read the extinction at +4oC and then centrifuged at cold for 15 min at 6000 
rpm. Pellet (total protein extract =TPE) has been used for evaluation of cholesterol, lipid peroxides, LDH and creatin 
kinase. 
For biochemical assay at the sarcolema level, the pellet from the previous investigation has been treated with Na 
deoxicolate 1% in Tris-HCl 0.1M buffer (pH=8). The obtained suspension has been left over the night at +4oC and 
then centrifuged for 45 minutes at 6000 rpm. The supernatant has been used for GGT and membrane cholesterol 
assay. 
Glutamil transferase (GGT) – has been assayed using the standard test purchased from ICCF-Bucharest, with the 
following reaction mixture: buffer-substrate (having as a donor substrate L-(-glutamil-3-carboxil-4-nitroaniline 
6mM and as an acceptor of substrate glicil-glicine 150mM) in Tris-HCl 0.1M (pH=6,8). It has been recorded the 
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reaction velocity at 405 nm against water, and enzyme activity was expressed in UI/mg protein, which corresponds 
with 1 mol x min-1 x mg protein-1. Measurements have been done with a LabSystem Spectrophotometer with 
thermostated cuve and recording automation data. 
Cholesterol – RANDOX kit has been used for cholesterol assay after enzyme hydrolysis. Reaction product used 
is  chinonimine, which results following reaction between hydrogen peroxide and  4-aminophenasone in presence of 
phenol and peroxidase. 
Lipoproteins of high density (HDL) – Chilomycrons, VLDL and LDL are precipitated by addition of 
phosphotungsting acid and MgCl2. After centrifugation the supernatant containing HDL was assayed with 
RANDOX kit for cholesterol. 
Lipid peroxides – were assayed by measuring of substances which reacts with thyobarbituric acid, according 
with the described method (Slater and Sawyer, 1971). For assay colorimetric reading was done at 530 nm. The 
results were expressed in mol/ml or mg protein. 
Lactat dehidrogenase (LDH) – Enzyme activity of LDH has been assayed in plasma (for pointing out tissue 
lesions generated by myocardial ischemia in total protein extract (TEP) obtained from left ventricle homogenate (for 
determination of glycolisis intensity). For LDH assay has been used SIGMA kit, the molar extinction reading was 
done at 340 nm for measuring the enzyme activity. A unit of enzyme activity is defined by enzyme quantity which 
oxidizes a mol NADH/min at 340 nm at 37oC. Specific activity is expressed in units/mg protein. 
Creatin kinase (CK) – Enzyme activity of CK has been assayed in plasma for pointing out ischemic lesions and 
in total protein extract from left ventricle for assay of phosphocreatine used at tissue level. For CK assay has been 
used SIGMA kit with molar extinction of NADH at 340 nm for assaying the enzyme activity.. 
Total proteins have been assayed by Lowry method (Lowry, 1951).  
3. Results and Discussions 
DOCA treatment associated with a high [Na] hydric regimen resulted in a series of modifications in the biology, 
physiology and biochemistry of cardiovascular system of investigated animals. 
Arterial hypertension, the primary effect of this treatment conducted to cardiac hypertrophy, emphasized by 
modifications of hypertrophy indices: the ratio between the weight of heart and of body weight and a ratio between 
the weight of left ventricle and body weight. 
In table 1 are presented the values of physiological parameters of heart in controls and in DOCA treated hearts. 
The values have been expressed in % against those registered after 30 min stabilization (during this time the heart 
has been perfused in retrograde perfusion system Langendorff with physiological bubbled liquid and acquired a 
normal function. 
Table 1. Values of Coronary flow, cardiac frequency and left ventricular developed pressure in Control and (DOCA)-salt treated rats 
Experimental Physiol REPERFUSION TIMES  (min) 
batch parameters 0 10 20 30 40 50 60 
 CF 100 84.2 72 70.2 65.5 63.1 60 
Control LVDP 100 32.4 31.4 41.7 41.7 40.9 38.5 
 HR 100 78 81.6 83.7 87.1 91 87 
 CF 100 90.7 89.7 84 72.4 69.3 56.7 
DOCA LVDP 100 188.1 109.1 112.1 113.6 106.1 106.1 
 HR 100 97.7 81.4 69.7 69.7 69.7 69.7 
 
It can be concluded that almost during one hour, the coronary flow is increased in DOCA treated hearts, and the 
left ventricle developed pressure and cardiac frequency records values higher above the normal values. This 
demonstrates an intense mechanic cardiac activity generated by the hypertension following DOCA-salt treatment. 
Biochemical determinations. Postischemic cardiac recovery is related with the capacity of myocardium to 
resintetise phosphorylated compounds (ATP and creatin phosphates) necessary for all required energy reactions, 
degraded during oxygen deprivation. We were interested to follow how is realized this recovery in the case of 
arterial hypertension onset following DOCA treatment; therefore, we have used in our experiments the isolated, 
ischemised and reperfused hearts on which have been tested a series of biochemical markers, both on myocardium 
and in plasma, in order to characterize modifications induced  by DOCA-salt  treatment. 
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Table 2. LDH,CK,GGT and SOD values in tissue and plasma from Control and (DOCA)-salt treated rats 
Experim.cond. LDH CK GGT SOD 
Tissue Control 1.14+0.4 1.44+0.5 0.006+0.003 1.56+0.3 
 DOCA 0.41+0.03 17.21+0.78 0.004+0.001 3.85+0.7 
Plasma Control 1252+140 2957+127 - - 
 DOCA 9441+11 8730+23 - - 
 
Table 3. The values of Cholesterol, LDL, HDL, Total lipids, Peroxides in tissue and Plasma from Control and (DOCA)-salt treated rats (ȝmol/L) 
Experim.cond. Colesterol LDL HDL Total lipids Peroxide 
Tissue Control 2.94+0.3 - - 17.1+3.7 - 
 DOCA 1.64+0.3 - - 10.16+2 - 
Plasma Control 40.7+12 29.5+11 43.4+9 307.9+25 1.13+0.2 
 DOCA 101.5+8 51.8+5 50.1+3 206.7+15 3.38+0.4 
 
Gamma glutamil transferase (GGT) is an enzyme which catalises the transfer of J-glutamyl groups of reduced 
glutathione to specific acceptors (glutamyl peptide, amino acids, water); situated at the membrane level with a great 
importance in glutathione metabolism, intervening in its degradation. The activation of GGT in myocardium may be 
explained by implication of this enzyme in elimination of o-chinones, results compounds from oxidative metabolism 
of catecholamines (de Champlain, 1967). Another pathway by which GGT should be activated derives from 
stimulation of prostaglandins production, starting from the observation that protein G subunits interact (directly or 
indirectly) with phospholipase A. It is known that reduced glutathione is engaged in different stages of 
prostaglandins metabolism by formation of conjugates GSH (catalised by glutathion S-transferase) or by formation 
of J- derivatives of glutamil-leucotriene (catalised by GGT). 
In our experiments is was seen that following DOCA-salt treatment there was a reduction of GGT activity in 
myocardial tissue (table 2), probably due to hypoxia generated by the cardiac insufficiency as a result of the increase 
in arterial blood pressure. This can be accounted for a reduction of heart antioxidant potential in condition of DOCA 
treatment. 
Mytochondrial respiratory chains liberated a great quantity of superoxide free radicals which react with 
membrane phospholipids in order to develop lipids peroxidation. In this situation is induced the synthesis of 
superoxide dismutase, a scavenger of free oxiradicals (Somez, 2000), which catalyses detoxification of free radicals 
in mytochondria. Literature data points out an increase of lipid peroxidation and of SOD in spontaneously 
hypertensive animals or in those where hypertension has been induced. Our data are in accordance with those data 
(Callera, 2003); both for SOD (table 2), and also for lipid peroxides (table 3), which exhibit high values in DOCA-
salt treated rats. 
LDH and CK are enzymes known as markers in myocardial lesions. The increased plasma levels of these 
enzymes indicate with precision modifications at the level of myocyte membranes, which result in important 
enzyme loss care in extracellular environment. The increased values obtained in our assay are in accordance with 
literature data (Zhang, 2011). 
Epidemiological studies have defined perturbations which affect lipid levels, as a significant risk factor for 
cardiovascular pathologies. It has been demonstrated that the decrease of low density lipoproteins (LDL) or, very 
low density (VLDL), associated with high levels of lipoproteins of high density (HDL) leading to a significant 
diminishing risk for a coronary event. Cholesterol is an essential component of all tissues, because it enters the cell 
membrane structure and it is an immediate precursor of some essential substances, such as of vitamins, steroid 
hormones or biliary acids type (Tiangang, 2009). Cholesterol cycle in organism is equilibrated, and necessities of 
different tissues are accomplished by providing of an adequate quantity of cholesterol. These mechanisms are 
disequilibrated in pathological conditions, resulting in an increase in circulatory cholesterol with the onset of 
hiperlipidemia, atherosclerosis, and biliary calculi. 
LDL oxidation is a critical event in patogenesis of atherosclerosis. LDL is oxidized up to a form which is uptake 
by the scavenger receptors or by the LDL oxidized receptors on the macrophages leading to the development of 
foam cells. The hypothesis of oxidation postulates that LDL oxidation takes place in extracellular environment of 
arterial wall in protected territories from antioxidants from blood. Lipid peroxidation is a consecutively process of 
oxidative degradation of polyunsaturated fatty acids from membrane phospholipids. It has been demonstrated that 
Oxygen active radicals and other products generated during peroxidation of membrane lipids are at the origin of 
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different pathological processes such as that of aging (Tomkin, 2012). Among modifications generated by the 
oxygen free radicals and/or by peroxides may be reminded: the decrease of lipid fluidity, modifications of protein 
conformations, facilitation of membrane for ions, inactivation of membrane enzymes. 
On the base of above observations and known the fact that cholesterol serum level is not relevant for 
atherosclerosis development if it is analysed independently, we aimed to extent investigations by determining 
plasma concentration of lipid peroxides. The increased concentrations following DOCA treatment sustain 
supposition of atherogenic potential of mineralocorticoids (Briones, 2010). 
Hypertensive DOCA-salt treated animals had a significantly higher plasma hydrogen peroxide concentration 
when compared with their normotensive low salt controls (3.38±0.43 versus 1.13±0.20) ȝmol/L; P<.01 (Table 3). 
The (DOCA)-salt Hypertension model rapidly induces cardiovascular remodelling as in chronic hypertension in 
humans. 
DOCA-salt hypertension is associated with rapid development of high blood pressure, vascular growth, vascular 
stiffening, and cardiac hypertrophy. 
4. Conclusions and Recommendations 
Our preliminary data  on DOCA-salt hypertension pointed out that this pathological condition  is associated 
with rapid development of high blood pressure, vascular growth, vascular stiffening, and cardiac hypertrophy with 
increasing in mechanical activity of the heart( pointed out by increasing values of coronary flow, heart rate and left 
ventricle developed pressure) accompanied also by high levels of CK and LDH, as biochemical  markers of 
myocardial lesion, and a decrease in GGT activity generated by cardiac insufficiency and a decrease in antioxidant 
potential. 
It can be concluded that (DOCA)-salt experimental model of hypertension is a useful tool for the future studies 
of intimate biochemical and molecular mechanisms of cardiovascular pathology. 
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